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Abstract. The rapid proton capture process on accreting neflBrown & Bethe 1994) which could not be compatible with the
tron stars is investigated with the use of the current nuclestvove estimates. Therefore, we can say that recent observations
data and extended nuclear reaction networks. A simple but cofi-X-ray burst phenomena provide new challenges to both the
cial model is adopted to investigate the detailed nucleosynthesigdel of bursts and the theory of neutron star structure.
during the burst: the plane parallel (one zone) model. Compared On the other hand, many nuclear data have been revised and
with the results of Hanawa et al. (1983), significant differencescumulated in these years, some of which may affect the mod-
are found. The peak temperature becomes higher due to the ragiity of X-ray bursts. The nuclear process in the proton rich
break out from the hot CNO cycle. The amount of the fuel lefinvironments was investigated in detail by Wallace & Woosley
after the burst depends on the still uncert@ivalues of(p,y) (1981) where the rapid proton capture process (rp-process) was
reactions for nuclei liké®Se. It is also demonstrated that thefirst proposed. Recently the rp-process has been investigated
uncertainties in the nuclear data should influence significandytensively from a point of the fundamental nuclear process
the profile of the light curve in the burst models. (see e.g. Wormer et al. 1994, Rembges et al. 1997, Schatz et al.
1998). In those series of the papers, they investigated nuclear
Key words: nuclear reactions, nucleosynthesis, abundancefiews under the condition of constant temperature and density
stars: neutron — X-rays: bursts or the assumption of “adiabatic expansion” to see the effects
of uncertainties of nuclear physics. Among all, Schatz et al.
(1998) analyzed the relation between the nuclear data and the
1. Introduction rp-process which would occur at extreme temperature and den-
) sity conditions with the use of a large nuclear reaction network.
It has been widely accepted that type | X-ray bursts from lopowever, more plausible models which simulate the thermonu-
mass X-ray binaries (LMXBs) are due to thermonuclear rugfear flash would be very necessary to examine how the re-
aways in accreted materials on the surface of neutron stars (§iged nuclear data affect actually physical conditions during the
Taam 1985, Lewin et al. 1993, Bildsten 1998). Detailed evolyssh Unfortunately, at present it is difficult to perform multi-
tionary calculations have been performed taking into account ifigyensjonal hydrodynamical calculations which include both
nuclear process during the flash (e.g. Fujimoto etal. 1987, Taggherg relativity in the strong field and the complete nuclear
etal. 1996). Recent observations of LMXBs by the Rossi X-Ra¥action network. Therefore, a simple but crucial model which
Timing Explorer have revealed several important new featurgsresents a thermonuclear flash phase is very useful to extract
related to X-ray bursts. For example, a burst from 4U 1728q, effects of physical inputs on the flash.
34 would be produced by the spin modulation of a localized |, the spirit of the one zone model of constant pressure,
thermonuclear hot spot on the surface of a rotating neutron stap|osive nucleosyntesis (Hashimoto et al. 1983) and the rp-
with a millisecond period (Strohmayer et al. 1998) where Kilgsrocess (Hanawa et al. 1983, hereafter HSH) were investigated
hertz quasi-periodic oscillations (QPOs) are discussed relajg@jetail with the use of large networks. In the calculations of
to the models to constrain the mass and radius of the neutygg rp-process, they have shown clearly that not only the nu-
star. Furthermore, analyzing the burst observation of Cyg X@eosynthesis proceeds appreciably beydfii but also ap-
Smale (1998) suggested super-Eddington bursts which resuliegiiaple amounts of the nuclear fuel of hydrogen and helium
from the photospheric expansion. Also he inferred the sourgg, |eft if the peak temperature exceddé K for the pressure
distance using an assumed neutron star mass as highfas 2ot p > 3 1022 dyn em~2; it was suggested that the unburnt
which seems to be consistent with an estimate of Kaaret etigh| may be responsible for the X-ray bursts at 10 minute in-
(1997) for different observations of QPOs. However, the Supggyyal. Using their approximate network, Fujimoto et al. (1987)
nova 1987A could have produced a black hole~ofl.5Me  jnvestigated X-ray bursts in detail with the evolutionary calcu-
Send offprint requests 1. Hashimoto lations of an accreting neutron star. Unfortunately, HSH did not
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discuss how the uncertainties of the initial abundances and the_ GMtV — 1310 My /Mg V om g2 3)
. . S__ 2 - . 2 b
nuclear data affect the thermonuclear history during the flash; R (R/10 km)
since then there have been many revisions of the nuclear dP(a%‘a
i

_ _ 2\—1/2 ; Nt
related to the rp-process, it should be worth while investigati r?éiyo;fa(étor ()Qf%]\cﬁ/ I;f g,ch'l d Irié?r?c g\/evger::;l(/;eiag\gizc
the effects of the new data on the flash. For example, uncertel frect warzschl IC. J

ties of @-values of the proton capture must influence the pathJ?'fg gs = 14.4 for a model withlf, = 1.4M and Rz = 10km.

the nuclear chart and therefore the time scale of the burst ( g_ 1§Toofgf?lf ?Igﬁjri?r:?)?on;?g?mfgg? can be estimated from

e.g. Schatz et al. 1998), because the path of the rp-process’i . .
almost along the proton drip line after the leakage from the hot SEq' (2) is integrated and reduced to be a constant pressure if

CNO (HCNO) cycle we adopt a plane parallel approximation:

In the present paper, we will investigate the thermonucleBr= 10?2 g4 3 dyn cm ™2 (4)

flash with the use of an extended network up’tdr based theregM — g./10"cms? and X — $/10%gcnr? are

on the network constructed by Hashimoto & Arai (1985) whi considered to be parameters which are assumed to be con-

will be coupled to the thermodynamical equation for the flash & ; .
X : ant during the burst. For example, around the ignition, we

was done by HSH. In our calculation, we will use the up-to-daje . X .
aveXg ~ 2.5 for gy4 ~ 1 with the helium mass fraction

nuclear data and other physical inputs like screening factors, , i
Then, by considering that the nuclear process for the rp-procgs(s He) ~ 0.25 and that of CNO elementgoo ~ 0.02 (Fu

has been examined by Wormer et al. (1994) and Schatz etjlgl].Oto etal. 1987). L .
(1998) in detail, special attention will be paid rather to see the The energy equation is written as
effects of the uncertainty of nuclear data on thermal histories ofdZ" _ e e e (5)
the shell flash related to the fuel left unburnt. Pgg o Tv o Trad

In Sect. 2, we describe a type | X-ray burst model whiclvhereT is the temperature,, is the specific heat at the constant
presents characteristic features of the thermonuclear flash in@essure¢,, is the nuclear energy generation rate, apds
creting neutron stars. Physical data incorporated in our netwetik neutrino energy loss rate Isydecays associated with the
are explained in Sect. 3. Computational results for the rp-procesglear reactions. The neutrino loss due to the directinteractions
during the flash are presented in Sect. 4 in connection with wetween electrons and neutrinos can be neglected during the
certainties of the nuclear data. Discussion and conclusions figh. Radiative energy loss ratg, is approximated by
given in Sect. 5. dac T

2. Type | X-ray burst model = 15107 T4 (14 2.2Ty) (&) D52 ergsg s,
As a type | X-ray burst model for the rp-process, we adopt a 0 . _2 . )
plane parallel approximation by Fujimoto et al. (1981). ThighereTo = T/10° K, a is the radiation density constant and
model is reasonable enough to investigate the nuclear prodés!S the mean molecular weight per electron which in the early
during the shell flash if we assume that physical quantities &/as€ of the flash would be approximated tppe= 2/(1 + X)
averaged over the accumulated layers, hydrostatic equilibrifffih the hydrogenmass fractiofi, when hydrogenis dominant.

is maintained, and the configuration is spherically symmetrfcO! ©Pacityx, the Compton scattering opacity is adopted (e.g.
In fact,[Hashimoto et al. 1983, and HSH have performed tR@isuzaki etal. 1983).

calculation of the nucleosynthesis under these assumptions. Let! '€ nuclear reaction network has been coupled to the ther-

us summarize the formulation of the model for the foIIowing‘Ody”amical_ equations through. The rate equations of abun-
ance are written as follows:

€rad =

discussion.
A hydrostatic equilibrium equation to determine the strucfyo _ _ Z Aty
ture of the accreting neutron star is written as follows: dt z 0Lk
m...n
01...k
dP GM, ( ZGM,,,) -1/2 -
4 2
dM.,. 4rr rc lg?m]?

Here,Pisthe pressure antd.. is the rest mass contained interio , .
. : : . ere the first and second terms account for the destruction and
to the radius-. For a plane parallel configuration which can be ; . [
gductlon, respectively, of the 0-th abundapgeand \)"*-"

legitimate as far as the ratio of the radius to the pressure cha)rI( resses the rate of reaction or dec¢ay i + + ];J_’f>
height is as large as0?, the column mass densi®y and the P . ay ) )

. X . - +m+ - - -+ n, wherei - - - n denote the species of par-
surface gravityy, are introduced. Using the total gravr[atlonaicles concerned: nucleus. neutron. oroton. electron. positron
massM;, the accreted proper mads\/ and the radiug? at the ' ! P ' P '

surface, they are defined as follows: heutrino, antineutrino, and photon.
ey ' Once a set of parametgB, g) or (P, X) is specified, using
AM
=1.610%

AM/M _ theinitial values of temperature and abundances, we can getden-
_ ©  4em—2 _ : y :
T ArR2 (R/10 km)? & ’ sity and other thermodynamical quantities for the next time step
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Table 1.Elements included in the nuclear reaction network. Table 2.Half lives and@-values of th€p, ) reactions in units of keV
which determine the waiting point during the shell flash and the final

elements A elements A elements A products.

H 1-3 Al 22-31 Mn 46-64

He 36 Si 24-34 Fe 47-65 case A case B case C

Li 6-8 p 27-38 Co 50-66 Waitingpoint &1, Q) tiz QPN ti2 QPY)

Be 7-10 S 28-42 Ni 51-68 “6Nj 6.1d 691 61d 767 6.1d 767

B 8-12 cl 31-45 Cu 5671 ¢4Ge 64s 9 64s 129 64s 169

c 11-14 Ar 32-48 Zn 57-74 68g¢ 1.6m —-261 1.6m —450 36s -0.97

N 12-15 K 35-49 Ga 60-77

O 14-20 Ca 36-50 Ge 61-80

F 17-22 Sc 39-51 As 64-83

Ne 17-24 Ti 40-53 Se 65-84

channels ofn, v), (n, p), (n, @) and their reverse reactions. As
for the weak interaction processes, we have adtiediecays
and electron captures by Fuller etal. (1980, 1982). These nuclear
data are taken from the data base REAGLIBome reaction
rates have been also included in connection to the calculations
nucleosynthesis in novae (Wanajo et al. 1998): the reactions
,) for the nuclei of?>:24Al, 26Sj, 27p, 305, 31,32C|, 34.35Ar,

hd35 K are taken from Herndl et al. (1995). Those f8Mg
and?°Al are taken from lliadis et al. (1996) and the isomeric
state oAl is separated from the ground statelak 4 108 K
P = Pe + Pion + Praa + Pcoul- (8) and treated as a different nucleus (Wanajo et al. 1998). We note

that the3-decay half life of*®Se in REACLIB is replaced from

We note that in the calculation of, we have taken into account] 6 min to 35.5 s (e.g. Horiguchi et al. 1996). Furthermore, we
the effects of non-ideal gas @ The maximum temperaturenave replaced the rate bfN(p, )0 in the above REACLIB

Na 20-27 \Y, 43-55 Br 68-89
Mg 20-29 Cr 44-58 Kr 68-94

from the equation of state. Here the total presdreonsisted ;
of the contributions from partially relativistic and/or degenera%J
electrons and positrons in thermal equilibrium, ions, radiatio
and the Coulomb interactions (Slattery et al. 1982, Yakovlev
Shalybkov 1989):

Tmax €an be estimated frol? = P..q: by the new one (Rayet 1998) which includes the new experi-
P 1/4 mental results (e.g. Keiner et al. 1993); this reaction is crucial
Trax = 2.5 10° () K. (9) forthe break out from the HCNO cycle. For simplicity, we have
10%% dyn cm=2 not included such a 2p-capture process as suggested by Schatz

Here, the region is assumed to be radiation dominated aro@!- (1998). To investigate the effects of tgevalues and the
the peak of the flash. HSH have examined the shell flashesfe#ction rates on the thermal history, we have performed the
922 < logP < 23 and13.8 < log g, S 15.0; During the calculations for three cases as shown in Table 2. For case B,
shell flash, the peak temperature in units 6t K ranges from they are taken from Schatz etal. (1998), and for case C, they are
Ty, ~ 1-2 and the corresponding density ranges frpm- from REACLIB. With the above modifications of the nuclear
510°—2 106 g o 3. data, numerical computations are carried out in case A and case
B by HA85, and in case C we use the updated network of Ta-

. o ble[d. Screening factors for the thermonuclear reaction rates are

3. Thermonuclear reaction rates, physical inputs taken from Ogata et al. (1991), and Ichimaru & Ogata (1991).

and initial conditions It should be noted that the screening effects play an important

. . . . . 7 -3
In the investigation by HSH, the nuclear reaction network ifo'e forp < 10 g cm™".

cluded 274 nuclides frofH to 84 Kr. The nuclear reactions are It has been known that the amounts of CNO elements in the

assumed to proceed through v), (o, 7), (3, 7), (a, p), and bu[ning shell affect the thermonuclear history of the ge}sh (e.0.
their reverse reactions, ant -decays. Considerable progres§uiimoto et al. 1987). For example, we had@/ « Zq\g at

in nuclear physics near the proton drip line has been reportbe ignition and the ignition temperatufe, « Zix, (Bildsten

in these 10 years (e.g. see the review by Schatz et al. 1998).1888).Zcno ranges froml0~2 to 10~ and other heavier ele-
have extended the nuclear reaction network to include 463 maents could be transferred from the companion star. Since these
cleides in which the reaction rates in the network developed injtial abundances are rather uncertain, we assanél) =
Hashimoto & Arai (1985) have been replaced by the currentorfe$3, X (*He) = 0.25 and X (**O) = 0.007, X(**0) = 0.013

(see Tabl€l1). Our previous network (hereafter, HA85) whidtom the*-decay saturated HCNO cycle as was done by HSH:
corresponds to cases A and B in TdHle 2 has used the compileroted as HCNO in Tabfé 3. We also assume the solar system
tion of the reaction rates by Fowler et al. (1975), Woosley et @bundances as an alternative initial composition, since often so-
(1975, 1978), Wallace & Woosley (1981), Harris et al. (1983/r seeds have been adopted to study the nuclear process (e.g.
Caughlan et al. (1985). The elements included in our new re&embges et al. 1997): they are denoted as Solar in Table 3.
tion network are shown in Tallé 1 which corresponds to case C

in Table[2. For completeness, we have also included the neutrdnhttp://csa5.Ibl.gov/ fchu/astro/friedel.htmll.
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Fig. 1. Comparison of the energy generation
102 — rate under the constant temperatlise= 1.5
and densityp = 10° gcm™3. Solid line is
A A A A . . | | | . | A the results with the use of new rates (REA-
10” 10° 107 10° 10°  CLIB) and dotted line is those with old rates
time (s) (HAS85).

For all computations, the initial temperature is set to mocess over a shell flash can be classified in three categories.
1.5 1¢ K; the initial density is obtained from the equation oforT, < 0.3, HCNO cycle operates rather slowly. Beydhg>
state. This assumption does not affect the computational resuit8, break out from HCNO cycle occurs very rapidly through the
becausel},.., is attained just after the main nuclear energy i®actions of*O(«, p)!"F and'>O(«, v)'?Ne which trigger the
released. explosive combined hydrogen and helium burnifige ignition
of the flash leads to the first sharp peak in the energy generation
rate as seen in Figl 2 which shows the formation of the iron peak
4. Computational results elements. The second peak corresponds to the formattéNbf
In Fig.[l, we compare the nuclear energy generation rates un‘&rearnsmon fronﬁ6N|_to **Ge makes the third peak; the peaks in
the condition ofTy = 1.5 andp = 10° gcm -3 for REACLIB cases A and B is wider compared with case C due to the effects

f the differentQ-values for’*Ge. A small difference between
(case C) and HA8S (see also Wormer et al. 1994). We canﬁo{ es A and B is seen for~ 350-360 s because the transition

. . . _ ca
discern the appreciable differences between them: the effectsipﬁ]e abundance peak frdfiGe to™Se affects the decrease in

uncertainties of nuclear data are not clear. This is not the c%q;g energy generation. Whag, = 1, the rp-process proceeds
. p ~ Ly -
ppreciably beyon& Ni. The nucleosynthesis depends on the

for X-ray bursts as described below.
-value of the waiting nuclei; The nuclei shown in Table 2 play

According to the spherically symmetric models, to ignit
- -
the shell flashes we ha¥ < 1.2 (Hanawa & Fujimoto 1982). an important role to determine the rp-process path. In particular,

However, the parameters cannot be specified well from the oje- S 69T ; _ .
zone model, because the ignition conditions depend sensitiv%]eQ'Value of*®Se(p, 7)°”Br s not yet known; proton drip line

ondM /dt, helium abundances, atifbxo. Therefore, we have Xng some key nucleiis uncertain. Schatz et al. (1998) assumed

selected the following parameter sets of the pressure and ttrﬁe Q-value of —450keV and described the uncertainty @

surface gravity: (logP, log ¢.) = (22.75, 14.5), (22.9, 14.75),"""13“es of (py) reactions.

(23, 14.25), (23, 14.5), and (23, 14.75), respectively; these are From Fig[3, once the breakout from the HCNO cycle oc-

the cases with an appreciable amount of hydrogen left unbufit>’ the nuclear flash leads to the peak temperdfrdhe

after the flash (see HSH) which are relevant to the present %Qlcal changes in the temperature and the density can be seen

vestigation. It is noted that in these ranges of parameters, |Vr\1/eF|g.[Z. However, comparison of Figs. 5 aliil 6 reveals that

see thad 1013 < AM/M, < 41012 for R — 10km new reaction rates change the time variation of compositions
~ o~ = .

Let us study the effects of uncertainties of the nuclear dés[izgnificantly; break outfrom the HCNO cycle is appreciable for
. . case C before the depletion'df'>O. Consequently, before the
on the shell flash using the typical parameter (IBglog gs)

_ . D . shell flash begins the rp-process proceeds up to the formation
(23, 14.75) with the initial composition HCNO. Before theof 10( and®2Fe through successive (g, and (v.p) reactions

stage of the flash, the HCNO cycle is regulated by mtervemnﬂgnging the nucleosynthesis path/by-decays. this leads to

+_ . i i
(7 -decays; the energy generation rate is governed by the Ste};i%eep rise in temperature during the flash phase due to abundant

hydrogen burning ofy ~ 10 (Zcno/0.02) ergs g =% s~ 1, ) . ;
Then, the shell flash begins to occur as is seen froniFig. 2. NgFeed heavy nuclei as seen in Figs. 3[and 6. Then, compared with

. case B or HSH, more nuclear energy has been released when
that the scale of the lower abscissa corresponds to cases A an L . ; .

e flash begins; higher peak temperature is attained as illus-
B, and that of the upper one corresponds to case C. The nuclear
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Fig. 2. Comparison of the energy generation
rate during the flash for the models of 18-
1 . | . A . 23, loggs = 14.75. Solid line: case A, dotted
103% 340 360 380 line: case B (scale of the lower abscissa), and
time (s) dashed line: case C (scale of the upper one).
240 260 280 300
10°
¥
N

. | . Fig. 3. Time variation of the temperature
* 360 ! * 30 during the flash for the same models as in
time (s) Fig. 2.

trated in Figl#: the locus extends to lower density for case C. We should note that since the thermal history is crucial to
The effects of th&)-values are clear as inferred from Table 2X-ray bursts as is shown in Fig3$[2, 3, &id 4, the condition of the
For case A, the waiting point results from the decay§‘@e constant temperature and density or an artificial assumption of
and®®Se. For case B, decay 6fSe corresponds to the final‘adiabatic expansion” (e.g. Rembges et al. 1997) is inadequate
waiting point. For case C, decay 6fKr might lead to a new to investigate the nuclear process during the shell flashes.
waiting point as suggested by Mathews (1991). The large dif- We can examine how the shell flashes are affected by the
ferences in th&)-values for**Ge(p,v)%° As affect the degree initial compositions as shown in Talllé 3. Since the solar seeds
of the decrease in the tails as seen in [Eigs. 2[and 3. When llage more heavy elements &f > 8, the elapsed time to the
temperature decreases dowr2tt)® K, only weak interactions peak temperature is shorter than that for HCNO by an order of
are active. As is seen from Tablds 3 Ahd 4, thvea! products at magnitude. However, the values of the peak temperature and
this temperature depend significantly on the nuclear data, whtble amounts of the final products are similar for both initial
could affect the modeling of type | X-ray bursts in especiallpompositions though hydrogen is rather consumed for the initial
10 minutes intervals. Solar abundances by the seed nuclei. Therefore, as far as the
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10_3 the temperature and the density during the
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simple one zone model is concerned, it is reasonable to adaptl hydrostatic equilibrium are assumed (see also Ebisuzaki et
the initial compositions as HCNO. al. 1983).

The radiative luminosity is given aB,.q = 4T R%Y¢e a4, In Table 4 we presented the final abundances with the use of
whereX and R are fixed in our sequence of calculations. Thethe nuclear data of case C for several sets of parameters which
light curve of our model is characterized in termse@f; as had been performed by HSH. We can see that the final products
shown in Fig[¥. We should note that profiles of the light curveiepend on the peak temperature and the radiative energy loss

are affected significantly by the different nuclear data. On thate; contrary to the results of HSH, if lgg < 14.5 andly, =
other hand, the Eddington luminosifitqq in the local frame 1.5, the main final products are rf§Ge but’*Se and* Kr. This

is given by indicates that the waiting point is beyoftSe and the flow of
_1/2 abundances will be beyond Kr isotopes. However it must be
Lpgg = AmcG M, (1 _ 2GMt> noted that the final products and/or the amount of the fuel left
rc? after the flash depend on both ttievalue of%8Se(p,~)%Br
2.5 1038 . seen in Tablg]3 and the radiative energy loss rate which may be
T i x Vergss™. (20)  to0 simplified for our one zone model.

With the use of the corresponding Eddington luminosityy =

cgs/(kX), we could obtain

5. Discussion and conclusions

I 4 4 4 Using a simple but crucial model of the thermonuclear flash on
rad a T Tg .

=SS a=3 . accreting neutron.stgrs, we have shown that t.he_r.1uclear data

9s 8 g14 near the proton drip line affect the rp-process significantly: the

It appears thal,,q > Lgqq if To > 1 (see TableEI2 arid 4).energy generation rate (peak temperature) as shown itHgs. 2, 3
However, it should be noted that the conditio¥qf,. > 10° K and3. The amounts of the fuel left after the flash (final products)
is satisfied around the bottom of the burning shell in the actwak shown in Fig§l5 ard 6. THeénal products are summarized
situation: in evaluatind....q, R would be the radius of the pho-in Tables[B an@l4. As a consequence, the profile of the light
tosphere and will be different layer by layer inside the neutroncurve must be affected also as shown in Eig. 7. Compared with
star atmosphere. Theh,,4 remains below.g4q aslong as both HSH, break out from the HCNO cycle is so rapid that iron peak
the spherically symmetric configuration (Hashimoto et al. 1998)ements have been produced before the flash. Contrary to the

(11)

Lgaa
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10550 ' 340 360 380 200 Fig.5.Changes of mass fractions during the

time (s) flash. Case B of log® = 23, loggs = 14.75.

10° . . . T : . . T . .

time (s) Fig. 6. Same as Fig. 5 but for case C.

large differences in the rp-process attributed to the various meeded to determine the proton drip line from Ge to Kr isotopes
clear data, the differences are quantitatively very small betwe@hohar et al. 1991, Henncheck et al. 1994, Blank 1995).
independent calculations of the explosive nucleosynthesis in su- While our one zone model represents rather well the flash
pernovae (e.g. Hashimoto et al. 1989, Thielemann et al. 199®ase, convection must be actually taken into account. Fujimoto
because the supernova nucleosynthesis proceeds under theetai- (1987) demonstrated the importance of the mixing process
dition of approximately nuclear statistical equilibrium. to explain bursts of very short intervals like 10 minutes X-ray
It is noted that, since our network is limited to Kr isotopedyursts (e.g. Murakami et al. 1980). They used spherically sym-
we should extend it to include the nuclei gf > 36 for the metric evolutionary code, and the helium abundances averaged
high temperature cases wiff 2 1023 dyn cm~2 as pointed in the burning shell are assumed with the use of an approximate
out by Schatz et al. (1998) though the flow beyond Kr dependstwork of the previous version of HSH. It should be noted that
on the@Q-value of waiting nucleu§®Se; only in the deepestthe mixing process is still very uncertain. Therefore, one zone
accreted layer the rp-process beyond Kr would proceed appapproach is still very useful to see how the rp-process will be
ciably (see Fig. 5 in Fujimoto et al. 1987). Therefore, itis highlgffected by the change of the nuclear data and other physical
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Table 3. Final mass fractions after the shell flashes of Bg= 23, loggs = 14.75 wherly = 0.2 with the different initial compositions
andQ-values.Ty, is the peak temperature i0° K andt, is the elapsed time until the peak temperature is attained. HCNO means the initial
abundances of thé™-decay saturated HCNO cycle. Solar means the solar system abundances.

nucleide HCNO Solar HCNO Solar
case A case B case A case B case C

Top 1.28 1.28 1.29 1.29 1.50 1.51
tp 3.44(@-2) 3.44(+2) 3.90¢+-1) 3.90¢+1) 2.54(+2) 7.49

'H 2.35(-1) 2.23(-1) 2.01¢-1) 1.87¢-1) 2.46(-1) 2.02(-1)
‘He 3.08(-2) 3.05(2) 3.01(2) 2.98(-2) 2.742) 2.66(-2)
56N 1.43(-4) 1.66(-4) 1.70(-4) 1.98(-4) 3.15(-3) 3.96(3)
547n 1.37¢1) 1.62(-2) 1.65(1) 2.20(-2) 3.72(-3) 5.09(-3)
5Ga 5.66(-2) 7.13(-3) 6.64(2) 9.60(-3) 2.61(3) 4.24(-3)
55Ga 1.50¢-2) 7.48(-3) 1.61(2) 9.03(-3) 2.22(-3) 3.00(3)
51Ge 4.06(-3) 5.45(-4) 4.19¢-3) 6.43(-4) 3.37(-4) 6.60(-4)
%8Ge 2.49¢1) 3.38(-1) 2.52(1) 3.57¢1) 1.17¢1) 1.27¢1)
58As 1.23¢1) 1.77¢1) 1.22¢-1) 1.87¢1) 6.07(-2) 7.90(-2)
583e 2.70€2) 4.07¢2) 2.51(2) 4.05(2) 9.87(-4) 1.81(3)
2Se 3.63(2) 5.34(-2) 3.46(-2) 2.68(-3) 1.31¢1) 1.38(-1)
2Br 1.80(-3) 2.92(-3) 1.55(-3) 2.68(-3) 1.45(-2) 1.97¢-2)
3Br 8.15(-3) 1.23(-2) 7.09(-3) 1.13(-2) 7.83(-2) 8.69(-2)
TKr 5.12(-3) 7.33(-3) 4.14(-3) 6.10(-3) 9.42(-2) 8.94(-2)

inputs. Though the detailed multi-dimensional hydrodynamic&l Pandharipande (1981). Then, we have lpg= 14.75 with
calculation would be desirable, even the spherical calculation\df= 1.7. A neutron star of\/; = 1.1M; andR = 10km has
stellar evolution should be highly necessary to see the effectdarf g, = 14.25 withV = 1.22 which state is reproduced by the
uncertainties of nuclear data. Then, approximate network whiefuation of state AV14+UVII by Wiringa et al. (1988). Taam et
simulates nuclear energy generation rates should be emplogied1996) adopted a star 8f; = 1.4M andR = 9.1 km; log
in realistic calculations as is done by Fujimoto et al. (1987). g, = 14.5 withV = 1.35. Therefore, our parameters are within
Recent observations of quasi-periodic oscillations may caie range of more realistic X-ray burst models.
strain the mass and radius of neutron stars. For example, analyz-Related to the rp-process, Chakrabarti et al. (1987) pointed
ing the LMXB 4U 1636-536, Kaaret et al. (1997) suggested thatit the possibility inside a thick accretion disk around a stellar
the mass and the radius of the neutron star are arounti/2.0 mass black hole. Recent calculations of nucleosynthesis inside
and 9.0 km, respectively, which is nearly compatible with th&ick accretion disks have suggested that significant nuclear pro-
maximum state derived from the equation of state by Friedmeassing would occur if a viscosity is low (e.g. Arai & Hashimoto
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Table 4. Final mass fractions after the shell flashes for calculatdérences on X-ray burst phenomena are not always clear, we
models with the HCNO initial compositions. All models are computeshould be careful of the uncertainty of reaction rates.

by case C.
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